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by Pingping Zhu et al In their recent study, the authors have used array technologies to identify differentially expressed lncRNAs between CD13+ CD133+ (referred to as liver CSCs) and CD13-CD133-(referred to as non-CSCs) cell populations from several HCC cell lines. They have identified lncTCF7 to contribute to self-renewal of liver CSCs (Wang et al, Cell Stem Cell 2015) . In the current study, they extended this study by characterizing the top 10 differentially expressed lncRNAs including lncTCF7 as a control. They found lncBrm as another lncRNA to contribute to self-renewal of liver CSCs through binding to BAF complex thereby activating Yap1. They also found that lncBrm expression is correlated with tumor severity of HCC patients. They suggest that lncBrm and Yap1 signaling may serve as new biomarkers and potential drug targets for HCC. This is a comprehensive study that contains 7 multi-paneled figures and 6 multi-paneled supplemental figures. The manuscript is well written. Authors are commended for their heroic effort. While some of the panels are too small to read, generally, most of the figures are of good quality. While many of the experiments are well executed, the main concern I have is a lack of conceptual novelty for overall study design and execution. Some of the experiments also require additional controls. Here are some of my main concerns.
1) Lack of conceptual novelty: There are a huge similarity between this study and their Cell Stem Cell paper in regarding to experimental approaches, design and layouts. The main point of the current study is to show the role of another lncRNA (lncBrm) in CSC self-renewal. The main conclusion is based on shRNA to knockdown lncBrm. While this approach has an inherited issue (see #2 below), the finding does not add much more to our understanding of liver CSC. 2) Problems with shRNA to study lncRNA: The main functional studies of this paper rely heavily on the use of shRNA to knockdown lncBrm. Considering possible off-target activities of shRNA, especially when using to characterize a completely uncharacterized lncRNA, i.e, LINCR-0003 or lncBrm, a better study design should be considered. For example, it is necessary to use 2-3 different siRNAs to show that similar degree of knockdown gives you similar phenotype. Using a similar strategy in Buehler E et al, PLOS ONE 7: e51942, 2012, design a 9-11 siRNA control to show that the 9-11 control doesn't knockdown the targeted lncRNA and has no phenotype. These are general rules for targeting mRNA and possibly lncRNA. For lncRNA, additional controls should be also considered such as the use of CRISPR to delete this lncRNA or anti-sense oligos to knockdown the targeted lncRNA especially when it is a nuclear lncRNA like lncBrm. For the current study, the data on shRNA to knockdown lncBrm-specific signaling are not convincing since lncBrm is mainly nuclear while RNAi mechanism occurs mainly in the cytoplasm. Without these additional controls, the link of lncBrm to liver CSC is not convincing.
3) Lack of careful planning and consistency: clinical samples are poorly described. Considering heterogeneity in biospecimens, it is important to know about histological characteristics, clinical stages, etc. When assessing figures containing clinical specimens, it is noted that different cases are used for different experiments. This is similar to the metaphor of apples and oranges. In addition, in Fig 1E, it is important to assess the variability of baseline levels of lncBrm. I suggest normalizing all lncBrm readings to one non-tumor sample that has a lowest expression. The work presented by Zhu et al is of notably high quality. The data presented is robust, includes both loss-of-function and gain-of-function experiments throughout, each producing the predicted effect (eg knockdown of lncBRM impairs oncosphere formation while over-expression of lncBRM enhances oncosphere formation), and the experiments are generally extremely thorough including pursuit of mechanistic insight. The data presented is strongly supportive of the authors' conclusions. Since hepatocellular carcinoma is one of the most common types of cancer and relapsed disease is very difficult to treat, the work also carries substantial impact. I have a few queries which are in general relatively minor or seek clarification:
1. With respect to Figure 3G , the manuscript states "Notably, we observed that Brm-embedded BAF complex was dramatically declined in oncosphere cells ( Figure 3G )," If I understand the data in 3G correctly, it shows that indeed IP of BAF170 from shows lower levels of BRM in spheres than non-spheres. However, in that same panel, IP of ARID1A (another SWI/SNF subunit) shows precisely the opposite. The authors need to explain this. 2. It is initially surprising in 3B that IP of lncBRM seems to show enrichment of BRM given that BRM typically exists tightly bound to other members of the SWI/SNF complex. And yet this is conceivable if the authors' conclusion is correct that lncBRM functions to sequester BRM away from the SWI/SNF complex to facilitate a switch to BRG1. It would be informative if the authors would comment on whether they looked for other SWI/SNF subunits following IP of lncBRM. This should be clarified. 5. BRG1 and BRM are quite similar and some antibodies cross-react and recognize both. The authors should provide a specific statement that the antibodies that they are using are specific and recognize only BRG1 or BRM without cross-reacting to the other. Reference to a commercial product insert is fine if that covers this, or even better if the authors have confirmed this themselves, although confirmation by the authors is not essential if covered by the commercial product insert.
Minor points 1. Since all the samples used are of human origin, the gene labeling should be in capital letters 2. The manuscript is well-written and clear although there are a few grammatical errors that should be corrected. This paper describes the regulation of HCC stem cells by the long non-coding (lnc) RNA lncBrm and also elucidates the underlying mechanism by showing that lncBrm stimulates the expression of YAP pathway components. This is a novel and interesting finding which is supported by a wealth of data shown in this paper. Given the importance of the YAP pathway in liver cancer and the emerging function of lnc RNAs in cancer, I think this paper is an important contribution that will be influential in the field.
Major comments I have two main criticisms. First, this paper contains a huge amount of work, but often described in a brevity and superficial way that makes it difficult to understand what exactly has been done and how the authors arrive at their conclusions. My second point is that a critical junction that links the main parts of the paper is hardly borne out. This junction claims that lncBrm regulates the expression of YAP pathway components and YAP signalling. It only is addressed by a rather incomprehensible Fig. 5G and a poor Northern blot (Fig. 5H ). This claim should be strengthened, e.g. by showing the effects of lncBrm on the recruitment of Brm and Brg1 to the YAP promoter and the effects on the transcriptional output of the corresponding promoter elements (e.g. luciferase assays). The behaviour of Brg1and Brm is different in the Arid1a IPs between Figs. 3G and H. In Fig. 3G high lncBRM expression in spheres enhances Brm and decrease Brg1 co-IP. In Fig. 3H Figure 7H )..." should be "...immunoblotting ( Figure 7I 
Point-by-point response to reviewers' comments Reviewer #1
Comment; While the revisions have significantly improved, there are some concerns. I recommend that the concerns be addressed before acceptance. My concerns and suggestions are stated below.
1. Comment 1 Response to Answer: Since the authors claim that this is novel and "quite different", their response and later works only provide a different mechanism that regulates the "same" self-renewal property. While it is likely that you have multiple mechanisms that can drive one phenotype, this by itself provides a "quite different" mechanism in driving self-renewal, but does not provide a "novel" aspect. This also brings up the concept that lncBRM can be used as a biomarker for diagnosis or potential drug targets as commented by the authors. Their data brings up the issue that because many mechanisms are driving this characteristic in the same cell group (CD13+CD133+), targeting one mechanism is not enough and thus, does not serve to be a good therapeutic target. This statement should be modified as their evidence (i.e. in their new data presented on Attached Figure 2A) suggests that the synergistic combination of lncTCF7+lncBRM together have a better effect than just one, indicating that two lncTCF7 and lncBRM together are better than lncBRM alone or lncTCF7 alone. Answer: This is a good point. We addressed this issue in the discussion section. + cells treated with shCtrl or shLncRBM. We addressed this issue in the discussion section.
3. Comment 3 Response to Answer: Since the authors picked samples with the highest lncBRM, is there also an association with CD13+CD133+ cell populations? One important aspect that is missing is the population of CD13+CD133+ in each samples, possibly being correlated positively with the lncBRM expression. This data will provide the importance of CD13+CD133+ in the lncBRM relationship in clinical aspects and the clinical evidence that CSCs are driven lncBRM.
Answer: For selected lncBRM highly expressing samples, the ratios of the populations of CD13+CD133+ in HCC primary samples were around 312%. There was no significant relationship between the lncBRM expression levels and the ratios of CD13+CD133+ populations. We addressed this issue in the discussion section.
Comment 4 Response to Answer:
The authors provide nice data demonstrating that lncBRM silencing reduces spheroid formation in CD90+, EPCAM+, CD24+, or CD44+ cells in Attached Figure 3 . Are all these from HCC cells or the samples? This is not stated. The data is interesting in that you have one mechanism which is specific to CD13+CD133+ that seems to regulate the self-renewal mechanism in four other CSCs. This brings up the concern of whether this lncBRM has a specific effect on CD13+CD133+ or in general. What about the CD90-, EPCAM-, CD24-, CD44-cells? This is an important control and brings up a point that they used all cells for some of their studies (Hep3b and Huh7). They did not perform FACs to sort out the true population for some of their studies as their main focus is on this CSCs and yet their original findings are the CD13+CD133+ cells. Are they now arguing that lncBRM targets ALL CSCs? What is the population % of CD13+CD133+, are they targeting ONLY those or everything? This fluctuation is a concern. What is lncBRM regulating the self-renewal of, all CSCs? Or CD13+CD133+?
Answer: For the Attached Figure 3, + cells was over 90%. In sum, in our tested liver CSCs, lncBRM was highly expressed in these CSC cells and required for their self-renewal maintenance. We discussed this issue in the discussion section.
REVIEWERS' COMMENTS:
Reviewer #1 (Remarks to the Author):
Overall the paper has improved significantly. However, where is the data that the authors discussed about in all the comments? These data are important to the authors conclusion that It should be noted that if the authors are going to make comments and state data in their discussion, they should at least show the data, make note of where the data came from or cite. Otherwise, a discussion is not enough.
Comment 2: response to answer: Comment: The authors use this data to conclude in their paper that lncBRM mainly affects self-renewal and not differentiation (as commented on page 13 line 344) and yet they removed the data. Comment 4: Response to answer: Comment: The authors removed the data in which this comment was made and had discussed this issue in the Discussion instead. These data were used to conclude that lncBRM was highly expressed in CSCs and required for self-renewal. What happened to these data? Where is the new data (i.e. CD13+CD133+ population was over 90%, lncBRM expression in CD90+, etc. cells)? Discussion is worth note, but there is no data or citations to support the authors comment on Page 12 line 334-341.
These two comments are important for their conclusions. The data needs to be there.
Reviewer #1:
Overall the paper has improved significantly. However, where is the data that the authors discussed about in all the comments? These data are important to the authors' conclusion that It should be noted that if the authors are going to make comments and state data in their discussion, they should at least show the data, make note of where the data came from or cite. Otherwise, a discussion is not enough.
Answer: This is a good suggestion. Since one of the reviewers commented that we put lots of data in our paper, we thought that we could not put additional data in our revised version. We thus provided these data in the attached figures to address the reviewer's comments. For the previous revision version, we only addressed the reviewer's comments in the discussion section without providing these respective data. As suggested, we provided these data in in the new Supplementary Figure 7D -H. We added these figures in the corresponding sentences of the discussion section.
Comment 2: response to answer: Comment: The authors use this data to conclude in their paper that lncBRM mainly affects self-renewal and not differentiation (as commented on page 13 line 344) and yet they removed the data.
Answer: We provided these results in the new Supplementary Figure 7G , H and added these figures in the according line.
Comment 4: Response to answer: Comment: The authors removed the data in which this comment was made and had discussed this issue in the Discussion instead. These data were used to conclude that lncBRM was highly expressed in CSCs and required for self-renewal. What happened to these data? Where is the new data (i.e. CD13+CD133+ population was over 90%, lncBRM expression in CD90+, etc. cells)? Discussion is worth note, but there is no data or citations to support the authors comment on Page 12 line 334-341.
Answer: We provided these results in the new Supplementary Figure 7D -F and added these figures in the according line. .
